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Studying the network mechanisms underlying CCh induced 
oscillations and the participation of the distinct types of 
perisomatic region targeting interneurons may help in 
understanding the processes of gamma oscillations recorded in 
vivo.  
 
 
I I . AIMS 
 
The main goal of this thesis was to investigate the 
involvement of perisomatic region targeting interneurons in the 
generation of cholinergically induced fast network oscillation. 
Therefore, two objectives were outlined: 
 
The first objective was to determine the output properties of 
perisomatic region targeting interneurons in the hippocampal CA3 
region and to clarify their sensitivity to cholinergic receptor 
activation. To this end, it was necessary to develop a method by 
which the distinct types of these interneurons can be distinguished 
from each other. Furthermore, we aimed to reveal the mechanisms 
by which the cholinergic receptor agonist exerts its action on the 
synaptic inhibition originated from these cell types. 
The second objective of the thesis was to investigate the 
contribution of these interneurons to the CCh induced fast 
network oscillation. Therefore, the firing of interneurons was 
monitored during CCh induced oscillation in acute hippocampal 
slices, then the involvement of all types of perisomatic region 
targeting interneurons to the maintenance of oscillation was also 
tested by using pharmacological tools.  
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All recordings were performed at room temperature, except 
the oscillation experiments demonstrating the similarity of CCh 
induced oscillation to the in vivo gamma, recorded at 33°C. 
In both studies the intrapipette solution contained also 0.3-
0.5 % biocytin, and the different cell types were identified post-
hoc based on their morphological characteristics. An additional 
double immunofluorescent labelling process was developed to 
distinguish AACs from FSBCs by using an antibody against 
ankyrin-G protein, which labels the AISs of neurons. 
 
 
 
IV. RESULTS 
 
Par t I .: Compar ison of CA3 per isomatic region targeting 
interneurons regarding their  synaptic proper ties and their  
sensitivity to cholinergic receptor  activation 
 
Using transgenic mice with GFP expression controlled by 
the PV or GAD65 promoters allowed us to selectively target the 
FSBCs and AACs as well as RSBCs. We performed paired 
recordings between these interneurons and their postsynaptic 
counterparts and determined their synaptic properties. In the slices 
prepared from PV-eGFP transgenic mice, AACs were 
unequivocally identified and distinguished from FSBCs, if the 
biocytin labeled axon terminals of the recorded cells formed close 
appositions with the ankyrin G immunoreactive AIS in a climbing 
fiber like manner. RSBCs sampled in the GAD65-eGFP slices 
were identified based on the regular spiking phenotype and the 
morphology of reconstructed cells.  
The AACs proved to produce IPSCs with the highest peak 
amplitude and significantly slower decay values compared to 
FSBCs. This latter property could be due to synaptic cross-talk 
between adjacent boutons at AAC-pyramidal cell synapses at 
room temperature.  
RSBCs were capable of releasing transmitter in an 
asynchronous manner, compared to the PV expressing 
interneurons that only released GABA synchronously. Analyzing 
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During these oscillations, FSBCs fired the most with the highest 
accuracy compared to the discharge of AACs and RSBCs.  The 
weak phase coupling of RSBCs further strengthens our hypothesis 
that these cells do not have a key role in the rhythm generation of 
CCh induced fast network oscillations.  
To reveal the contribution of the other two types of 
perisomatic region targeting neurons to the perisomatic inhibition 
in CCh induced fast network oscillations, we investigated the 
consequence of the µ-opioid receptor (MOR) activation to the 
synchronous activities. Previous studies showed that MORs were 
present at the axon terminals of PV expressing interneurons. Bath 
application of a MOR agonist DAMGO ([D-Ala 2 ,N-Me-Phe 4 
,Gly 5 -ol]enkephalin acetate) substantially disrupted the 
oscillation. We demonstrated that application of DAMGO 
significantly decreased the amplitude of IPSCs recorded in 
pyramidal cells without any effects on excitatory synaptic 
transmission or the excitability of neurons. These results suggest 
that the GABA released from the terminals of PV expressing 
interneurons may play a role in the oscillogenesis. To further 
reveal the contribution of AACs and FSBC we tested the effect of 
DAMGO on FSBC and AAC-pyramidal cell pairs in the presence 
of CCh. We found that DAMGO caused a further decrement in 
the amplitude of unitary IPSCs at FSBC- pyramidal cell pairs, 
whereas similar effect could not be observed at AAC-pyramidal 
cell pairs. Taken together these results strongly suggests that 
FSBCs play the main role in the generation of CCh induced fast 
network oscillations in hippocampal slices.  
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